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Characterization of a euryhaline Bdellovibrio-and-like organism
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Abstract: [Background] Bdellovibrio-and-like organisms (BALOs) can lyse pathogenic bacteria in
aquaculture, so BALOs have enormous potential value in application. However, in practical applications,
the inconsistency between BALOs’ growth conditions and the environment results in poor or even no
effect. Therefore, it is critical to obtain BALOs with a broad range of adaptation. [Objective] The aim of
this study was to screen out a euryhaline BALO for extensive application and increase its bdelloplast
densities for better preservation. [Methods] A euryhaline BALO was isolate from a shallow bay with the
host bacterium Bacillus subtilis. Molecular biological identification were carried out, and the biological
characteristics as well as lysis properties of BDN-1 were studied. In addition, the factors affecting its
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bdelloplast densities such as monosodium glutamate, Ca’" and Mg2+, indole were researched. [Results] A
strain of euryhaline BALOs (named BDN-1) was isolated and identified. The optimal range of
temperature, salinity and pH for BDN-1 were 20—30 °C, 0.5%—3.0%, 6.0—8.5. Lysis experiments on
30 tested strains showed that the lytic rate of BDN-1 was 86.7%, and for the 16 tested vibrios, the lytic rate
was 87.5%. The monosodium glutamate, indole, Ca*" and Mg®" have effects on the bdelloplast densities of
BDN-1. [Conclusion] This study provided a strain of BALOs with strong lysis ability which can be
applied to sea and fresh water. Besides, the biological characteristics and factors of bdelloplast densities
were identified, which laid the foundation for the efficient application of BALOs.

Keywords: Bdellovibrio-and-like organisms (BALOs), Euryhaline, Biological characteristics, Lysis

ability, Bdelloplast densities
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W, 27 BRSZTR 4328 A R UL SR i R SR
g, ERUSRA API 20E %) FiR4y B sibk i 7
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94 °C 1 min, 56°C45s, 72°C 1 min, 35 PMEH;
72 °C 10 min,
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ROR F MM AE IR R 751, R MEGA 7.0 #
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1 BDN-1 A DNB XUZ - bk & B
Figure 1 The DNB double-plate plaque of BDN-1
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2.1.3 16S rRNA EEFF 54

X} BDN-1 #475E51E PCR §74, K18 TK
758 bp 1Y 16S rRNA FEH =4, K/NSHIHMAT
li] NCBI£# ZE 4522 BDN-1 fY 16S rRNA KK %51,
PAFB S MK159102, it NCBI BLAST 7
GenBank %4 & h E4 7[RI H X 43 #4542, RDP
classifier & /-2 IR , 25387 &3 BDN-1 5
Bdellovibrio sp. BDHI12 Hl  Bdellovibrionales
bacterium BDHSHO6 15 = Y HA 99%A9FH L ,
I, BDN-1 #2558 M5 (Bdellovibrio sp.), iF—

B2 BDN-1iE5fFEMERE (17 000x) At it MEGA 7.0 8 FH4 £ H BDN-1 (19 R SRy
Figure 2 Transmission electron micrograph of BDN-1 Kl 3
(17 000x) (1 3)

74 Peredibacter sp. BFB660 (KC545751)
99 Peredibacter sp. K2DN36 (KT308260)

100 Deltaproteobacteria Sva0447 (AJ240999)
Deltaproteobacteria F.c-10 (GU225840)

Deltaproteobacteria ARTE4265 (GU230385)
21 T00L_ Deltaproteobacteria ARTE1232 (GU230405)
Deltaproteobacteria NdSurf144 (F1753194)
88 Deltaproteobacteria HG342 (FN646756)

97 Bdellovibrio sp. BDH12 (EF094471)

99 Bdellovibrionales bacterium BDHSHO06 (EF011103)
BDN-1 (MK159102)

95 —— Deltaproteobacteria bac614 (JE727692)
% Deltaproteobacteria BPSH576 (HQ857669)
100 I— Peredibacter sp. K2DN37 (KT308261)
Deltaproteobacteria 16CS-16 (KC917599)
475{ Deltaproteobacteria P14h3e (AY580410)
Proteobacteria SIMO-1655 (AY711021)
Peredibacter sp. B-04-03 (KX214594)
86 | Peredibacter sp. C114001368 (JX525261)
Peredibacter sp. C114001337 (JX525230)
0|, Peredibacter sp. C114001383 (JX525276)
53 Peredibacter sp. C114001119 (JX525012)
12| Peredibacter sp. C114001299 (JX525192)
10| Peredibacter sp. C114001219 (JX525112)
Peredibacter sp. K2DN38 (KT308262)

31

77

0.01

B3 £T 16S rRNA E[E 7587 BDN-1 REGHELR
Figure 3 Phylogenetic tree of BDN-1 based on the 16S rRNA gene sequences

TE: 55 NNERRT NSRS 03 BT RAAEE I BEE: WHIRFIR 100 MEFRRTA 1 A4
Note: GenBank accession numbers of the strain are provided in the parentheses; Bootstrap values are shown at branching points; The scale
bar corresponds to 0.01 substitutions per nucleotide position.
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B %% 2 d J§ BDN-1 fyE K Z 15 %] 10° PFU/mL,
Y3 % 3 d, BDN-1 35 3 i A Kk i
5.12x10° PFU/mL. 4 pH Jy 5.5 i}, BDN-1 {/5fE
SCPRIGEE, HSZF M Y pH FRZEFEILE 5.0
i, BDN-1 AFAK,
2.2.3 BDN-1 BREENSEE

BDN-1 A= K AR EEE N A 20-30 °C (& 6).
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Figure 4 The growth curve of BDN-1 at different salinity
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Figure 5 The growth curve of BDN-1 at different pH

TEMYE R, BDN-1 4K EH S RRIERE | pH
KPR A KBERRR 3, #5352 dJ5, BDN-1
LR KB A% 10° PEU/mL, 4k&28537 % 3 d ki
P A KU EE 4.12x10° PFU/mL; HoAth i 35 40
F,BDN-1 #4: KAER%18 W% T 10* PFU/mL;
MHRE ETFE 40 °C 1}, BDN-1 AFAEK,
2.3 BDN-1 X} 30 s Z X E IR RZEE N

IE SN BDN-1 (R#E I 1 s, 1 30 #
ZARE R, A 27 MR LK 2R S e BN A
G316 BRIKER | 6 MRAMZR BN TRF 5 ARSI Ay
FLIRTA . BDN-1 X AN[R] & i 32 B 5 AT B i
SR, Hodb BDN-1 X9 (28RN 87.5%,

60 —=—15°C

—e—20°C
—a—25°C
—o—30°C
—o0—35°C

~
n o W
T T

W W
o

Bdellovibro density (IgPFU/mL)
&
(=}

N
(o)

t(d)

B 6 A[ELZET BDN-1 HYEKHZ
Figure 6 The growth curve of BDN-1 at different
temperatures
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NEESYH 2 STREEINE T 3 SIAEEINE ; WS
BA T R AN 83.3%, NAEZLH 29 SARLHIR A
MR s XPE A B TR A 24f7R AT I8 100%.
SR, BDN-1 JLRBZYH 26 PRZIKAH, S &
Z IR 86.7%, 1B BDN-1 HAT K AIF ISR RE
J1o BEA, BDN-1 BR T REZLAEINET, X SRR A
A KB WA TU G TR L R B B o 24V E A, 10

BDN-1 Jy—PRERSF ) AL RSB R PR

#& 1 $E30E BDN-1 3 30 M2 X BRI REE
Table 1 Lysis range of BDN-1 on 30 strains of tested
bacteria

T E R KR G

Host strains Sources Lysis

Vibrio alginolyticus 1 A A
Vibrio alginolyticus 2

Vibrio alginolyticus 3

Vibrio alginolyticus 4

Vibrio alginolyticus 5

Vibrio alginolyticus 10
Vibrio alginolyticus 11
Vibrio alginolyticus 16
Vibrio alginolyticus 19
Vibrio parahaemolyticus 8
Vibrio parahaemolyticus 9
Vibrio parahaemolyticus 25
Vibrio cholerae 6

Vibrio cholerae 10-211
Vibrio cholerae 11-114
Vibrio cholerae 11-201
Shewanella putrafaciens 12
Shewanella putrafaciens 24
Shewanella putrafaciens 27
Shewanella putrafaciens 28
Shewanella putrafaciens 34
Pseudomonas aeruginosa 17
Pseudomonas aeruginosa 18
Pseudomonas aeruginosa 22
Pseudomonas aeruginosa 29
Pseudomonas aeruginosa 32
Pseudomonas aeruginosa 35
Serratia ficaria 15

Serratia ficaria 20
Enterococcus agglometans 30

TE: A 0 AR ULALBRAE Y S HORFEIREE, 28 API 20E %
Y, SR TR T AR B bR B
WREREBIICIFRAL. +: WA — RATALAR,

Note: A: Isolated from whitened abalone postlarvae and farms in
Shanwei, Guangdong, China. Identified by API 20E"%, ampoul
freeze drying preserved in our laboratory; B: South China Institute

of Oceanology, Chinese Academy of Sciences, Guangzhou, China.
+: Can be cracked; —: Can not be cracked.
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IKF| K 5.61 1gPFU/mL, SXFHRAAM LIRS T
0.91 1gPFU/mL; 4 Ca**Fl Mg ¥ & >4 20 mmol/L
110 mmol/L I, IEFTARREEIAF K 6.98 1gPFU/ML,
55X RELH A LA T 2.28 1gPFU/mL,  Hy Al T,
Ca> 1l Mg” % BDN-1 1 J5 A IR IF BT 6 8 2 41
PEER . BLAh, TEZ RS, Frg SEgs gl mg
Jo AR 28 1 g R AL el s B s ) A R
Bhek Ca® R Mg™ VR BEfE— B TL R, RO AT 24
HERE AR T B
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0 2.5 5.0 7.5 10.0
Monosodium glutamate (mmol/L)

7 AREIRESRER M3 BDN-1 #2RIAEE RN
Figure 7 Effects of the concentration of monosodium
glutamate on the density of the bdelloplast of BDN-1

T : AR TR BDN-1 7EA R B 2 R A T ot B A
% 15 22 5 W35 (P<0.05).

Note: Different letters means significant difference between the

bdelloplast density of BDN-1 under different concentrations of
monosodium glutamate (P<0.05).
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7.6 -
7.2 L
6.8 b

6.4 L ¢ d
6.0 -
5.6 -

s2)
a8l e

H oo

Bdelloplast density (IgPFU/mL)

44 [

4.0 1 1 1 ! 1
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Figure 8 Effects of the concentration of Ca”* and Mg®* on
the density of the bdelloplast of BDN-1

1. RFEFE0F BDN-1 7ERFMRE Ca® il Mg VR Hig
JF R i 25 5 i 2 (P<0.05).
Note: Different letters means significant difference between the

bdelloplast density of BDN-1 under different concentrations of
Ca®" and Mg®" (P<0.05).
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Figure 9 Effects of the concentration of indole on the

density of the bdelloplast of BDN-1

T« AN 7R BDN-1 EA ] BE 5 WA P Hle o A 52

25 5.3 (P<0.05).

Note: Different letters means significant difference between the

bdelloplast density of BDN-1 under different concentrations of
indole (P<0.05).
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RIFE—E MR EEE RPN, M5|eXt BDN-1 % 4% B
BIHERRE, NZREEBRE]; 8 IR B,
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3 WiE4®

UEAESR I W5 — 25 e T AR IR 7E A= P B
6 B R DL R b A - 55 7 TR B R
TEH . W McNeely 4P % 3% 91 B Xt By A
Burkholderia cepacia 36 T FIAE )6 Ik 240 A ¢
TP Willis 252 SIS0 3 S 4n g
B AER, 16T BE T 4y AR TG T A R
Shatzkes %P H I AEL C O PLAE F R I —
FiCBT AT F-BE; Mosca 25 I o 26 B — g
L 25 2R 0 N B A AR5 s 251

ORI, FESZBRR FH A s s S A7 T i 22
NEFTEEAG . SORAESF L, R AT
HE IR 1) A K A R 5 PR B AN AHAE . A7 300 &
AR, TPGRFINAMEAERCR, Hit, ok
DA AR IABE )38 TG L, SR T s ol g ™ i L T
PEESE NG ™ b W AR E

— Uk, R G R B N Y R
H — 8 £ PR BT 00 B A I AR 1 5L 22 A ok
AR AR BRSBTS MR IE Y i
JNE BDN-1, TEHEUTIRK(0.5%) KK (3.0%) ) E:
JErf BDN-1 {3 EESRIAE K E5EE S, iT A
PGB R FR, ARG P TR EE 3.0% K
Hor e 4 pREEIIEE , Hirp 2 BRIEINETE 1.5% M
PUREREERREATIE, 41 2 BRAEIINER 19 A K 58 )
SR, WSO 10° PFU/ML; $RPEAR
SYESHY 5 MRIRAKIE I AEER LN 0.0% 0, AE K BE0H
REJIfRcAE s TEEREE ] 0.5%I6), 4 BRIEDNE AL K %
FHRE SR TR MEREERE] 1.0%0F, (FikAK;
T — PR IE IR 32 A i RS a8, R T 22 Yy
0.0%—1.5%, FEMIZECOITF-ERRE N 3. 2% 0F f v 43
B 43 PRIEONTE , A RE IR R F AN
2.0%—3.0%.
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76 pH 6.0-8.5 JuHEN, BDN-1 A K ERIFRE; 4
pH & 5.5 I, 19K BDN-1 A=K BZ255H, A=
IARESCELEAE , H— BB IR Y pH 38 N PRl 9 .
U0 Li ZP s, 76 pH 6.1-8.1 B A AR K- %5
{A7E pH 5.6 Fl1 8.6 £1F FANREAFT o

WAL, JERPERESIE BDN-1 %FH WK 255h
WP SO R B RIS BRACR . Lu &P
PLBRA FEVD 1T QT (Salmonella typhimurium) H1E £
SYESARAT 4 MRIRAKIEINE, YRI5
BN 46.7%. 60.0%. 53.3%. 63.6%; [FIFERYLERE
75 Cai ZUSHYBFGE P WGIESE, 4 FRLARIZ R
(Vibrio parahaemolyticus) M1 3 BT A X i
B () 247 R 5 36.6% . 39.0% . 65.8% .
63.4%. 5 RIS AR L, BDN-1 Xt 30 #k52
B IR 2R 87.5%, HATEGLINE . &l
R IM IR B 2R AT IR 100%, XA o B (1) 246
A 77.8%, HonHHAL R ASEYERE. R, T
EEAIEIE BDN-1 AR ECZERIFF R N TE 2, 5K
fiff R T I ICERT 7 i 1 HP B R R VR B B AR T 5
R PRV T £ 2 4 DA [ A

W IR I P A5 SR 2 1) 5 — PR 36 R R IR 7
TEVEAR . I, ASHFFEERIT T 2 e e o oy i i (A 2
RIS N TR, RIS IR . Ca™ il Mg™
N5 WA 4] 4R T H i A ) 2 B . D >4 SN F IR
ST, ASE RN AT R A RE 75 Bell 2500
T 9% % BRAE 55 37 3 FP S 0 4 PH B 7 ] 45 558 5 0
PR T AR R I A R i R A AL E
PR PRI A AR I, T AR o A2 2
THIAZR - Dwidar 258 iF5E AW A 4T 22 9
W8 AR B PRI R VR, T B T s g
SR L P IR 14 A K B A5 R TR AR B, A
TSR A B A 4R T o (KRR I A AT iy
— LI W DA 5 7 3 H Bk 2 mk HL v B 3 R B4 1) /K
-, IR ) TR A S0 B AR ERDIR S . IR,
AW FTEE TA R B = ST

WESER oA T4 RS R R BR R, B S
AT 3 it AR A IRE 22 ) A A A R R ok

RGP E N R g
N RGP R AR, EER AR, A
WEFE g BDN-1 B3RS, WiE sl iy
G EA RO T Al RE, B BT 2Rk =
FREHBUR A AR, PRI TR M A fat R K J Al
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